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(57) imm 

o{|^A/D»3ff^ y?;HkL/c©t>, i&m 

-^K^&U «&ro;*-f 5/^31^7 SrW-T 5* 
-1" s^IeI8&6 SrST, 7-!)iMM}T5lFFT@ 
&8\Z*.t)-fZ>* I F FTlE]Sg8COtti^)ftiIt-tt, A f (75 

^ v?^l/f^7^^ 1 0-l~ 1 0-N£i2gU rixb 
7^ i/^/l^f-T'y^^^ 1 0-l~ 1 0-NCOtti^)§ril®|§ 
l l-l-l l-NSr^-LTflDglElgS 1 2r-Ap#-r5<, 

y^^ J F-7W^cfli?r^{b$-tJ:6i biz J: 9 , 



© 
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L.JL i JL-iJL-a 



-LnhLf^iLnh..li 

3 



r: - 



1 U p 



Tbz JTI-: .J 



If 



If 



(2) 

1 

K&ttbtu sute^vyy ^ifmmki s ^zxm^ 

5A/D§E»»i:* 

nfiuffi^*^iK»PflPBA f 60kfl5-CS>5a*ffi-^Sr 

Huts«^^*[Hi^oai^ i fufe^- y ^^$i[h]&§<da 
mt^y- y ^ffl^siiHiKtoNfi^tH^tc^n-eix 1 <@t 

k#g d^k^N) cogas^ (k-i) /f s r^ 

D/AgMfelUii&i:, ±Efl!iiD/A^tftlI]&<Dttj;^t£j; 

^A^ffi^HufE*^ s>^le]&cr>k - l#g^A^*^ 
t-SiffiU HuffikSi^*^ 7^(7)12^^ 
^HfjIS^-f 3/^lHlKcokS@coA^SS^«c:gEJHL, mile 

^^-^T-t^tH^^^i-S^L, iiulBkSB^.*^ s> 



4^11^9 - 2 8 4 2 4 2 

striae ^^/Hb$nytgftff -^tcjzsffl*^^ 

S^c f s ^l^»U"C«*<k-rs«*ik;IilKi:. 

•^rtt-en 1 flg-fo^tt bthtcT^ 4 

7- y ^SESlSrfi 1 5 7- y ^ftnnsi: . 
Buffi 7- y ^^ftlilKottJ^tcKtt knfcNA^NttW 

nHfriE^^^jaiK«PaH8A f OkfST*fe5lS*m-^S: 

Nm<Dmmmw^&mx.xmm*4 v^m&to&ttijik 
mm&mmm^k&iftixmw^xNm&ihtim^t 
x^x^ts-r^mmmw^t, 

[»^3g5] tfjfe^vyy ^^jiR»f s^n a f -e 

nx zfri&M&Mmmm^&u&MmmMm&t, mm 
iixig*sfflSBiHiK<7>a^^HtriE-y-^^y >-^i§is^ f s 

fS~>^ h Uv ; ^^tC^xbn^ft*^4tCfS@cOpI^^ : 
2<DHm^k^^L, k#@(7)«2<0*P»S(ik + 1# 

[HiK(7>kSS(^i±s^sa^^a^ k#@(7>^i co^am 



(3) 

3 

h^>r ^^^^^^^^^xm^^tix^^tmrn 1 * 

tzmmmwm^m^xmm^mmm^ tmm^mmm^ 
njs©«*7- y ^asaesiwsrsr^T 5 7- y ^iseaeaiiii 

3&<DA£) t wrat-K(t btb/cNA^NtU^Jg 1 <z>*-( 

"7 4 Sis? 

1 ifostj- p> tbfcas* t , 

ftj IS# iSg CO UJ £ S T * 0> *&ft! £ HIT IS i£ff K 
k#g (l^k^N) tf>®5£g# (k-1) /f s -e* 



WW 3 ? 9 - 2 8 4 2 4 2 

4 

MIESffKfi^b^ffilR^^^^/uScffi^^JSrA^i^ L 
MlSi^^^y V^Jl$?£$t f s l^»lt'>7 Mfcf^SrtT 

flfFiefif^ble] MM ft ^ £ tL £ N @ <£>{f ^ \z. ft L T 

tn^n 1 <BToR(t (bn^sg 2 of^f & * fry- y •? << 

mm^mm-^t * imxmn\^xnm<D^m^t 
i.x&£ii-z>m2<Dmmmn\Bi&t. ^sl, 

N y ?7*4 s/f l^ftfefS ^ i: tS^ff 
[0 0 0 1] 

(FDM; Frequency Division Multiplex) 
[0 0 0 2] 

[^^^S^l ^y^^^l^^t (TMUX) S 
#J#S (FDM) m^<Dft&RTf^tfc&m^W^ft?Bi 
#<t0#^t , J#fi (TDM; TimeDivision Multiplex) ft 

^(Dm^mtetiz., j£mz.m\<^tixh^ 0 vy^^ 

^^y^t^cnm-fctfStSi^TL^ Tf£3C&fc. Maurice 
G. Bellanger and Jacques L. Daguet, "TDM-FDM Trans 
multiplexer: Digital Polyphase and FFT", IEEE Tran 
s. , COM-22, No. 9, September 1974(C J; *9 $ ttT 

fi, FDM^^^/KOjgjfi»PflHS: A f k-t&t, #^ 



5 

[0 0 0 3] 0iJx.«. 4#r?IBS6 3- 2 0 0 6 3 5 ^« 
T^^yl^ p y ?<Dl!iL\z3 L **/l'? p ;y^iCJt-< 
TjaStft^mfficX'feSrtlf ^ o :y t>fg££-£S£ t fc 

7*^ v ! ^/H^^ r 7-</i^^iJ:«toT, ^-^yi^ p y$ t 
■^dSBB^StbTl/^o [l]9(ir(7>4#r^BS6 3 - 2 0 0 6 

[0004] r <z> h 7 ^^^/t^^u^ims * rajas 
s (if) {f#^x*T*fc5i: it, zcD^mm^mm 

A f . #Sft3&SN-C*>S irltNAf ^JSj&ftO^Kft: 
^p y^?rMt^#»^o s^*£«l 0 9 # 
fiit:^ p s> ?ZN/mftm LTf*!jf ^ p y ^ £3S3£-r£ 
N/m#JS$l 15t, n^SrS L 

T^-V^/U^ p y ^ ^-r^m^jH^l 1 6 ^liTl^ 

S c -*^^ti0 3t:[t A^-efc^^MJa&ftfS 
^■^ p— ^/u^tBft-^-^A^L. i*o^tl0 4l: 
f* + ra««#«#i* ^/2»Ml0 2HJ;oTfi1f 

jc / 2 *r «■« £ titz p - # /ummm ajj l t ^ 

S Q mb#^=^f-i 0 3, 1 0 4<Dttittm\a^ tth 
^fth, u—/<^y^;V^ (LPF) 1 0 5,1 0 6 ^ 
LTA/D (7tn^/rV^^^) W&M\ 0 7,1 

0 8^t£tf b;ftT^So 

[0 0 0 5] #A/D^ftgl 0 7,1 0 8<7>m^{*, 
^fifb^ p t^^r p s/^ tii^m^^X, NiJ- 

v ^ y v r t k a * «p ^ ?u £ n m <o w j m m x \ - # si tu ^ 

iTS^>f s^^IhIK (ft-i-»«/«*^lH]K) l l l KA 
^LT^5*9, ^-fy^HIKl 1 1 CONfliCOm^t-fi. 
*Ve*K 1 2-1-1 1 2-N^frltWlf> 

*J9 j\sVzf7 4 ^9 1 1 7-1— 1 1 7-N^j^LTl^ 
5o i§3£«l 1 2-1-1 1 2-Nfi, A*-rSft#^PJ* 

So j ei>tNi(Z)^§lr^^^^t7 ? 7>f^^ 117 
-1-1 1 7-N(7>tti*{-S^V^TN^©«*SS3S7— y 3i 
^ (FFT) ^iftt^F F TlHlft 1 1 4 ft 
T*5f? % FFT[hIS§1 1 4WN<B<^ : lfi*Ui^^cico 

[0 0 0 6] WIrV ^^yu-^y^^yu^cotg^c^ll 

1 0(a), (b)C/T^nt^5o Bl0(a)li, (N/2) + 
1 ^ i ^ N<o«^^rtSS7^ ^^;uty7^;i/^ 1 1 
7-i<Df»/&£r^U U 1 0 (b)J*l ^ i ^N/2(7)I^ 
^fM^lTt^o 01O(a)W»^»^ f*)J?^ 

v^yM^^yu^te. A^^-t^-e^xSficSttfc 



(4) ^i¥9 - 2 8 4 2 4 2 

6 

2 O^f'f is & JU^-J 7 4 /V^121,122^ 
v^^/i/fy7^;u^ 1 2 2 Officii® £^3iS5£lII& 
124^ 7*4 ^^;^7^/^ 12 1 ^tH^iriiSi 
IhIKI 2 4<Dtti^l^AD^-r5^P»^l 2 6 <kSr#L"C^ 
So IPM**^ Bl0(b)©»«©i^ rtJfSlT^S^ 
yu^y^^yu^fi. A*t--eix-eix»)K$n^2o^7 ? 
>T ispfry-^f^^JVp 121,123i, v^/HJ- 
77 1 2 3tf>m;£&»35E£i£5»3ffilEl&l 2 5 

74 *j9fry-77 4*^9 i2i coffin tmmm^\ 

10 2 5<affl;fj&Jn£i-£j!ra»Sl 2 6 t^f ItV^o 

[0 0 0 7] ^©iplilLta^Lfcjgft^yy^ 

iKlHlSSdS, #^Bg6 3-2 0 0 6 3 6 #4>«icBB^ $ 

x^So mi i ttc^^&iaisscofli^sr^-r^p 

^Ih7>^^f^^^t (TMUX) ^S(h]^2 2 

1 s^-v h y ^ 2 2 2 ^riSML. ^-f 
h y ^7^. 2 2 2 (DtH^fliJfCf*, kficoff -^P^fflH] 

S§2 2 3-1—2 2 ffirflcffidS A f 

20 T*fcSfS -^-^k - 5*. Sf«iHas 2 A f T^^ff^-i 3 
A f T*fe5^^^n^tll*Tottl^;§tuSt^i:-r 
5o ffiFttctltfSA f -CfcSft-^fi. IhISS 2 2 3 

-6-2 2 3-k^b^tt^tbtB^^ttS 0 ^7t, WigciB^S 

2 A f T'feSffffj;, 2 0^1^^0^2 2 3-1,2 
2 3-2«;fflV\ ^tl^«-^P k 9^lHl^2 2 3-1, 2 2 3-2 
(Dttifi&^tl^txmi&Wt^y MhIK2 2 4-1, 2 2 4-2 

^yu^ 2 2 6-iasj$ A^tbTV^So fpj^t-^ fflr^ffi^ 3 
^ A f t^^flf (i, 3fflOff-^rtJ¥lHlK2 2 3-3-2 2 
3-5SrfflV\ wttfe{f-§-I*9}flHlK2 2 3-3— 2 2 3-50 

ta^sr-en-ettjaKft^^ Mass 2 24-3—2 2 4-5^ 

^LtJ!lD3IS2 2 5-2tllOStL, T^p^p— /^^^^ 
yu^ 2 2 6-2Sriiia$-ti:S wir{dJ:oT#??tt5o 
[0 0 0 8] 

^J1KS^2A f t'fcotft^riWfl ^^FftStB 

So St*-, ±^Ltc^M(Dm^^yv >^m^m^^ 

J: 5 ^ bTilSft^>7 MHlS&^^^—^^^-r-^yi-cD^ 



T 

[0 0 0 9] ±a?<o^*sts^^s: 

[0010] 

«55-S«J#Siift*rS;«, ^®&£^*>i£{f $Ji£e<t 
[0 0 11] ^JSIhIS&K^TJ*, ^-v*/W^$e 

7— v^mm&mn&n v mm 
«nuK^Nfi<om^t-' : eix ; ett i i@-ro^tt hti7^/u 

& }) i/JfirfroT 4 *J&t\'-y-~77 j §7^^^ 
)V*yzf7 a /\s?<nitijj\c*:ti?ti l ffi-f oKtt tb^*:® 

[0012] ^^jK[iiK>6sm^-rss*s*^^jfi. 

U kf KOX^^/fi^ioAMW^-f ^f" 
"tm^<D% 2 (DXf)^i)-^4 y ^-IhIS&co k # g t^A^ 
tfSk + l#g<^^-f y^T-^a^SS^lC^ttL, k# 

n<D*4 y^m^<D&jji®i^fc*4 2/^n]ssok#g(7> 

@©A*SrkSS^>a^«S^^Hi^r^6t i:t>(c, k 
± imB<Dftt)$&^-{zktti£}X$ 5(-*So 
[0 0 13] £/c, K^ff ^ic^^^^^V 



(5) 4#HfW9 - 2 8 4 2 4 2 

s 

<D&&<D&x&y->'7 p }) >rmi&mi f s^mm^xm* 

zAJjt i,xN^(Dmm7-v^^no7-v^ 
mm&t* 7~y ^m&m&<Dmt}{cmrtbntcNA£} 

it, mmm^n^ft^^*^m&mmm& f <z> 

kfflf-Cfc5a^f-?-S:«*-rs1S*^Sl5|g«lHliSi:, N 

A3E»»i, S:*U #D/A^»S<7)ia*lc*3V^rH 
[0 0 14] z<Dfr&m&^ <DAt)k Lttt, 

^ ^4 y^liIK^k#@^W*iST-(-ai* k#gcD^ 
1 ^*p»««k - l#go;x^ ^^iR^o^a^m^sg 
T-coftt ^ ^-f 3/ ^-[h3Ko k S S ©A^*T-©Ii ^^JP* 
LtktKD^^f ^^^A^^^ATJ t>(?) 

J: D . ^^f ^ flHllKf?) k S I ©A^ST-^^AA ^r^- 

k#gotb^^T-^m^)-et ^ ^ t>ic N k-i 

SI, k S @ Xt; k + 1 # I ©#A*i8^ ^© A*©ft 
[ooi5] *^^to-sj^^S*MiHS^fJ#fiilff* 

1*2&Sjgft»A f /2^joV>r5Tt9 3gLfiM-r5^ [0, 

Af] ^^m^mmm^^"x^^mt^^>xo^ 

[0 0 16] Zh^mWte, &MW?t\Zttm^XM 



(6) 

> h y y^<DXfimt<Dm\^mw<DftW. 

l3ii&S:Rtf\ a&fSKKw <hlc-<— xs<>> K-7 h y 

&m-tti&£i<\ io 

[0017] 

TBlffiSr^flSLTIftWi-Sc Hit*. *5£W<!OllJE^ — 
i ££fE«J3£«8 2 ££0^8 3t«itfM-efe 

£ 0 j£ffffliJ3£«8 1 Kf*. N#<0&£fci2Hfiff«{f^«: 
ot;MM«^W9 l ^0^9 lcDHj 

D/A^tfelElE&4 4 <t. MSSffiESrUl^-rSn— ^7/U|gS 
^40h iiS2SD/A^«IIllK4 4(OtB^ii-J: ^Wi^ft 
SrilE^fiilS^sH (QAM) i-Sfc^OiilXtBB^SIlHlK 
9 2 t, iS^PSffililK 9 2 0tH^f^S<ffIiJiSM9 l 
fCfp](t-Cll]jtft8 3*^LTW;^1-5fc&<Z>i£{B^9 3 t 

t ^l^t 5 n - ^ 4 5^:, 30 

mm^x <9sm i rm-^^m^mmmm (qad) -r 

f s K£oTii^S*I«BaiHlg&9 5<7>ffi#£«#flSL-C 

$ Mt%\z-W&-!r A/v$mm&4 6 ^r, -y-> 

v^ja&*f s^fS-?-S:A/D^»lelB4 6 fc#t£& 

jK-r5^KiHiK9 e i^trv^o f-v^y v^sse 
(i s f s =NAftfc5«t5i:Kf$n5, -(n-y-^y 40 

y >^mtR§kf sfi, 3*««I3£«8 l «i:S:ff{RiJKH8 2 

[0 0 18] *i\ ^fffllSS (pr^SF«fi^fSlfi) 
8 1 Klgaei*ft5'&i8t[HlES9 1 Offf/££E] 2 Srffl^TSft 

[0019] -y-^y i/?nmk f s tf>fg#Sr*£i-£ 



^i¥9- 2 8 4 2 4 2 

10 

JHftftf S f-K<5£k A f (Ojli&tfc (k = 0, l.-.N- 
1) (7)Nfi^»n-^;Mft^f>f v^/Mtti: Lti 
^-rSN^;(Oli^^95^S[H]B4^^ftbttT^S 0 1g 

f3^\ «*^8fi5isfiiHiK4^e)0«»o— ^/i^ft-^ [jg 

JK»=0, A f , 2 A f , (N- 1 ) A f ] ^A^t5 0 

i (1 ^ i ^n) #a^aifsifa«-^(i i# 

a f x~frzmmv-*/i'm j ?=rtmw£nz>^ tic?£z> 0 

[0 0 2 0] ~ftbNm<D^mtoW%*5frib<nth?)te, 

hy^^) 6tcA^-r^ 0 h y ^ki*. 3 

A* 1 UtXO^^ y^*^-7^Nfi^*ttT*5<9 , #^ 
y^*^ 7(^**8^4: Si, S 2 , Sai-r^i:. i 

^ S/^*^7<7?S 2 A^iB^^ i + i#@o^-r 

^^^T-7^SiA^^(l, i + y^m 

^F7(i. ^J^g(5 8 (c J: or, fi^'JiciA^CT-Si, S 2 > S 

[0 0 2 1 ] ^fi?-7^^W^^A^ttN 
^<7)iSil1S»7— y ^ffiS*iSi*SrtT5 I FFT[Hl^9 
^Kt-tfeix-Cl^o IFF T[h]£& 9 iCfi:. t^yy^ 
iStf s»*a^^V^^ 0 I F F T[h]£§9 

mm) m^^f^ ^ett^tt, f>f^^ty7^;u^ 

1 0-1—1 1-1—1 l-N*Sg|jK$ 

titi^o ^-t^V i^^/u-y-^^-r 1 0-1— 1 o-Nt 
#iS3g«i 1-1-1 l-Nicf^-y-v-yy i/fnmki s * s 

«^tLtV^o i Sl^fV ^^/Ut^7>f/U^ 1 0 

-it*. eil#ti^Gi-i(z N )r^^^^s -74^$ y > 

^/U^ 1 0-1— 1 v^^/U^-f /U^IhI 

(i-D/Af xmt>£ti&mMf%m&5-?L&h(Dxtb 

60 -^tbNficoii^^l 1-1— 1 1-Nj&s*^L-CS*£ 
IeIK*«}^LTV^5 0 ^U, ^-S^^l 1-1-1 1-N 

*tt, mmm^mt lts^d/ / a^^(hjss4 4 o 

1) (CA^U K^D/A^^[E]Sg4 4 T'S^illffiff 

(cif*StfCii[^Si|S^llilHlK9 2 (01) ica^-t 

[0022] jfctc. sitflisi {^mmm^mmm 

8 2(cEBS*xS5>iRlHlK9 6 ^WfiKSrEl 3 Srffl^rift 
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[0023] 9 i (DM^iwc s 1 

^tg*I^lllHlS§ 9 5 ((HI) ^P>(^ffl*tH*3&s. A/D 
!EtfelHlK4 8 (0 1) ^VNttyyyy^iKtfs 

i/^^2 70#a^ HfiSf) ffl^Kfi, -en -eft, -0- 

S&2 6-l-2 6*if-LT, f>^^/ufy7^;^2 
5-1-2 5-N^SElBfc§tfCV^S 0 i &n(Dy*>( isp^-p 
-77 2 5-lfi. S*^-Y^^Hi-i(Z N )-C*t?^ 

ti5 7>f U y/Srft5 t^fcot, witkNfico 
v ? ^/vf^7-{;l/^ 2 5-1—2 

[0 0 2 4] #7^^^^t^7>f/l/^ 2 5-1—2 5 -N 

OiSiSffi*:7— y^JftSrfTS FFTIh1^2 4^iJttb 
nX^«9. F FTHJS&2 4(D&?){mcte^ fftjftlfft 1 9 (C 

5/^[eIS&2 2ti\ FFF[H]K2 4(Z)#^r^t^ 
it btbfc'&W-NffiiZ)^ 1 <Z>iP*S 1 6 <b , #y5P*SS 1 6 
cOtti^^r^tb^txA^ £ Ll^-f *it> 1 A* 3 &£}<DNm 
©My^ff 1 7 y^ifi^l 7C9tf3;fj{l'Jl^ 

tb^tiiaR$nfc-&tfNfi^^2^*p*«i 8a>£>«/£; 
£tiT^3 Q y^mi- 1 7<oa^«S^-S:Ti, T 2 , T 
3t~rZ>t, i#g£>Jglc^P#^l 6fl, FFT(hJ&8 
2 4<D i#g(DlS^m^i i - lSS^^f y^-Sl^l 

7coT 3 m^i^^nSLr, i#gto^-r y^m^i 7 

^Si^l 7 0TiHi^i^iPSLTt±i^-r^) 0 fc*:U 
i + 1 >N^ i - 1 < o-cfctui. RS-TSEiKHifT*? 

tb*l/\ rtbb^-T 3/^*^1 7f^ $IJWg|5l 9iCj:o 

-t, figijtcA^ST-si, s 2 , §z&m*)mz-hfrz>o 
[0025] ^k[h]s§8 i (Dm&tmm^, u-^ 
^y ^ymfem f s t-s^t k a f oja«[«c u = o, 

1,--,N-1) <7>NfflODtt*n— #/Mf-?-S:»£i-5N 

^^ti-C46t9, #1Sl?tSIJS^2 UCfct, ^-T-5^2cO 
JPH^l 8 0tU^{f-^0(5^ «Sl®ffl5*«|eI& 1 4^ 
?>Olg»n-^/Mf-^ [SjK»=0, A f , 2 A f,-, 
(N-l)Af] ^Ltl/^o fit, ^StUHtS 



(7) #08^9 - 2 8 4 2 4 2 
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2 0d5K*t?>nTV^So i" NiOD/A^ftS 
20(^)Hi #|(7)D/A^M2 Od^^tH^lfS-g- 

fC*tLT i #a^«*»*S2 1 «£*3^-C «»***( i 

- 1 ) A f <7>«*n — #/u^^a5*g$n*:ff f^Tt 

[0026] «susas3&tsiHi& 4,i4 omi&m&m 4 

10 m&4, l 4iiv^4xt>^V ^ h^V v^A->>-fe-y- 

(DDS; Direct Digital Synthesizer) t Iti 

rtl^ D7yy/7o^/30iM(cos)M 
<D&m¥&£.mT — 7frm&3 1 tIES(s i n)^c5>fflcO 
&JK*£ffl^-?VMElS&3 2 i*q*«3 3 tit Lt^ 
<5 0 #D7^^7n77°30O^n^(OOT:tt 

^U3/^ (#i*.f*\ -y->^y >^ii«i5c f s ) ^*a«- 

^ /I'jgSESraSk A f T-S>S i: It, ^)P^tff 3 3 icfik A f 

/ 1 s^Bm-r^m^tD^v z o^qw 

y y?-7u y-^Z 0 ^DMS^^A^-T 5 0 D 

— y/ulHlK3 1 , 3 2^A^(-t)ggttl/^o iSJg* 
tfflr"^/HHlK3 1, 3 2fi/Uty^T s/^-r — 

y) ^b*5 0 z^xoiz&mmv—x^m&m^to) 

30 ^tfx^tl^tKDyu ^y?X\ MB n —^7 /Wf ^-^jjg^ 

5 0 **5, (N — 1 ) A F (i— A f f ffitfe 9 , rc7)J;5 
Clt, «ifl^if|5«SlHll»4 l 1 4 1*. jgjfift^o, A 
f , 2 A f , - t (N- 1 ) A f T-fo^^^^n— ^/Hs-§- 

[0027] m.^mm^m (qam) ©^§9 2R 
x/m^mmmm (qad) ihis§9 5^t«^^i^pji-s 0 

ms (a)(iiS^tg(g^BSlHlK9 2^ffi^c^^C, 13 5(b) 
^ [0 0 2 8] ^ilW^ltli, -^«[hIS&9 1 ^e>ta* 
fc. mm^^ >>?Mm^-XhZ> 0 ^ZX\ H]5(a){C7F 
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